Molecular weight characterization of random amphiphilic copolymers currently represents an analytical challenge. In particular, molecules composed of methacrylic acid (MAA) and methyl methacrylate (MMA) as the repeat units raise issues in commonly used techniques. The present study shows that when random copolymers cannot be properly ionized by MALDI, and hence detected and measured in MS, one possible analytical strategy is to transform them into homopolymers, which are more amenable to this ionization technique. Then, by combining the molecular weight of the so-obtained homopolymers, as measured by MS, with the relative molar proportion of the MMA and MMA units, as given by 1 H NMR spectrum, one can straightforwardly estimate the molecular weight of the initial copolymer. A methylation reaction was performed to transform MAA-MMA copolymer samples into PMMA homopolymers, using trimethylsilyldiazomethane as a derivatization agent. Weight average molecular weight (M w ) parameters of the MAA-MMA copolymers could then be derived from M w values obtained for the methylated MAA-MMA molecules by MALDI, which were also validated by pulsed gradient spin echo (PGSE) NMR. An alkene function in one of the studied copolymer end-groups was also shown to react with the methylation agent, giving rise to MMA-like polymeric by-products characterized by tandem mass spectrometry and which could be avoided by adjusting the amount of the trimethylsilyldiazomethane in the reaction medium. (J Am Soc Mass Spectrom 2010, 21, 1075-1085) © 2010 American Society for Mass Spectrometry P olymers based on weak acids such as poly-(methacrylic acid) (PMAA) have attracted considerable attention because of the ability of the system to change strongly upon variations in the pH and ionic strength of the solution [1]. For example, amphiphilic PMAA-based block copolymers were reported to efficiently adsorb uranyl ions [2] or to selfassemble to produce dynamic micelles sensitive to different stimuli [3] [4] [5] [6] . In particular, block copolymers containing PMAA and poly(methyl methacrylate) (PMMA) segments were the subject of intensive research activities [7] [8] [9] [10] . However, interesting properties were also demonstrated for copolymers containing random MAA-MMA segments [11] [12] [13] [14] . Performance of such materials highly depends on structurally-related parameters but also on molecular weight distribution.
Molecular weight characterization of random amphiphilic copolymers currently represents an analytical challenge. In particular, molecules composed of methacrylic acid (MAA) and methyl methacrylate (MMA) as the repeat units raise issues in commonly used techniques. The present study shows that when random copolymers cannot be properly ionized by MALDI, and hence detected and measured in MS, one possible analytical strategy is to transform them into homopolymers, which are more amenable to this ionization technique. Then, by combining the molecular weight of the so-obtained homopolymers, as measured by MS, with the relative molar proportion of the MMA and MMA units, as given by 1 H NMR spectrum, one can straightforwardly estimate the molecular weight of the initial copolymer. A methylation reaction was performed to transform MAA-MMA copolymer samples into PMMA homopolymers, using trimethylsilyldiazomethane as a derivatization agent. Weight average molecular weight (M w ) parameters of the MAA-MMA copolymers could then be derived from M w values obtained for the methylated MAA-MMA molecules by MALDI, which were also validated by pulsed gradient spin echo (PGSE) NMR. An alkene function in one of the studied copolymer end-groups was also shown to react with the methylation agent, giving rise to MMA-like polymeric by-products characterized by tandem mass spectrometry and which could be avoided by adjusting the amount of the trimethylsilyldiazomethane in the reaction medium. (J Am Soc Mass Spectrom 2010, 21, 1075-1085) © 2010 American Society for Mass Spectrometry P olymers based on weak acids such as poly-(methacrylic acid) (PMAA) have attracted considerable attention because of the ability of the system to change strongly upon variations in the pH and ionic strength of the solution [1] . For example, amphiphilic PMAA-based block copolymers were reported to efficiently adsorb uranyl ions [2] or to selfassemble to produce dynamic micelles sensitive to different stimuli [3] [4] [5] [6] . In particular, block copolymers containing PMAA and poly(methyl methacrylate) (PMMA) segments were the subject of intensive research activities [7] [8] [9] [10] . However, interesting properties were also demonstrated for copolymers containing random MAA-MMA segments [11] [12] [13] [14] . Performance of such materials highly depends on structurally-related parameters but also on molecular weight distribution.
Determination of molecular weight parameters is not a trivial task for copolymers. Liquid state nuclear magnetic resonance (NMR) is the most commonly used technique for this purpose but only allows the number average molecular weight (M n ) parameter to be obtained. Size exclusion chromatography (SEC) requires calibration with narrow standards of the same chemical nature and structure as the analyte. Alternatively, one can use calibration which relies on Mark-HouwinkKuhn-Sakurada (MHKS) parameters being known for the standards and the analyte [15] , since these parameters depend on both the nature of co-monomers and their relative proportion within the copolymer [16] . As a result, a multiple detection configuration is usually required to reach reliable molecular weight data by SEC, since the intensity of the response obtained in each detection mode does not only depend on molecular weight but also on parameters that are a function of the macromolecule composition [16, 17] . Pulsed gradient spin echo (PGSE) [18 -20] NMR can be used to estimate the weight average molecular weight (M w ) of a synthetic homopolymer from the measurement of its molecular self-diffusion coefficient [21] [22] [23] [24] . For block copolymers, we have recently shown that such estimation not only requires properly recorded calibration curves for each of the polymers constituting the blocks, but also a hydrodynamic model to correctly interpret the diffusion data [25] . However, to the best of our knowledge, no such procedure has been reported so far to estimate M w of random copolymers.
Mass spectrometry (MS) has become an increasingly important tool for polymer analysis since the development of soft ionization methods. As oligomers can be produced as intact molecular adducts using matrixassisted laser desorption/ionization (MALDI) [26, 27] or electrospray ionization (ESI) [26] , MS spectra can be used to determine the masses of repeat units and end-groups, M n and M w parameters, and thus polydispersity index (PDI), as long as polymer polydispersity is not too high. However, ESI of acrylic-based polymers usually gives rise to a strong mass bias toward low mass oligomers, as reported for both homopolymers [28 -30] and copolymers [31] . Compared with ESI, MALDI was found to be more applicable to synthetic polymer analysis and lower mass biases were reported for acrylic-based homopolymers [32] . However, MALDI analysis of amphiphilic copolymers remains a challenge since each co-monomer requires its own set of experimental conditions for sample preparation. To circumvent this issue, we have recently developed a method consisting of hydrolyzing a targeted function in the junction group between the two segments of a block copolymer to produce two homopolymers which could then be independently mass-characterized using conventional MALDI protocols [33] . However, such a strategy can obviously be only envisaged for block copolymers.
The analytical methodology proposed here consists of the methylation of all MAA units to transform MAA-MMA copolymers into PMMA homopolymers, for which both MALDI and PGSE NMR experimental conditions are well established. Sample derivatization is a technique that has been widely used to enable gas chromatography analysis of small polar compounds. Methylation was also reported for PMAA homopolymers and allowed the accuracy of molecular weight parameters as determined by SEC to be improved [34] , or signals obtained in MALDI to be enhanced and simplified [35] . This strategy has been successfully applied here to random MAA-MMA copolymers to enable the use of MALDI and PGSE for the determination of M w parameters of the so-obtained PMMA homopolymers. Combining these data with monomer composition as determined by 1 H NMR allowed the M w parameters of the studied copolymers to be determined.
Experimental

Chemicals
HPLC grade methanol and water were from SDS (Peypin, France) and used without further purification. CD 3 OD and deuterated acetonitrile (ACN-d 3 ) used in NMR experiments were from Eurisotop (Saint-Aubin, France). Matrices used for MALDI sample preparation, 2,5-dihydroxybenzoic acid (2,5-DHB) (purity Ն 98.5%), sinapic acid (SA) (purity Ն 99.0%), and 2=,4=,6=-trihydroxyacetophenone monohydrate (THAP) (purity Ն 99.5%), as well as NaI and KI salts used as cationizing agents, were purchased from Sigma-Aldrich (St. Louis, MO, USA). Poly(methacrylic acid) (PMAA) sodium salts with M w 1250, 1700, 3150, and 6600 g mol Ϫ1 were from PSS (Mainz, Germany). These PMAA standards have an H atom as both end-groups. Poly(ethylene glycol) (PEG) standards with M w 1490, 4270, and 6650 g mol Ϫ1 used for mass analyzer calibration, as well as poly(methyl methacrylate) (PMMA) with M w 1580, 1970, 4540, 7920, 40,300, and 48,200 g mol Ϫ1 used for PGSE calibration, were from PSS. The two MAA-MMA copolymers (I and II) studied here, whose synthesis has been described in a previous paper [31] , were kindly supplied by ARKEMA. Trimethylsilyldiazomethane (2 M in diethyl ether) used as the methylation agent was from Sigma-Aldrich.
Methylation Reaction
The methylation procedure was derived from a published protocol [34] and is briefly described hereafter. MAA-MMA copolymers or PMAA homopolymers (50 mg) were first dissolved in a methanol/water mixture (19:1, vol/vol) and stirred at moderate speed for 2 h. Trimethylsilyldiazomethane was then added dropwise until the polymer solution became yellow, indicating the methylation agent was in excess. The reaction mixture was then stirred for 3 h at ambient temperature and the so-obtained solution was evaporated to dryness overnight in an oven thermostated at 30°C.
Mass Spectrometry
MALDI-TOF-MS experiments were carried out using a Bruker Autoflex I (Bruker Daltonics, Leipzig, Germany), equipped with a nitrogen laser emitting at 337 nm, a single-stage pulsed ion extraction source and dual microchannel plate detectors. Data acquisition was performed in the reflectron mode, in positive or negative ion mode. The accelerating voltage was set to 19 kV and the delay time used in delayed extraction mode (generally around 100 ns) was optimized based on the mass range of the polymer distribution. FlexControl software version 2.2 (Bruker Daltonics) was used for instrument control and data acquisition, and FlexAnalysis software version 2.2 (Bruker Daltonics) for data processing. The MALDI mass spectra result from averages over 400 consecutive laser shots at a 10 Hz frequency. All mass spectra were acquired at threshold laser irradiance. External calibration was performed using poly(ethylene glycol)s and poly(methyl methacrylate)s. PMAA homopolymers were dissolved in water while MAA-MMA copolymers, methylated PMAAs and methylated copolymers were dissolved in methanol, at a 5 mg mL Ϫ1 concentration. The matrix (10 mg mL Ϫ1 ) and salt (5 mg mL Ϫ1 ) solutions were both prepared in methanol. SA and PMAA samples were mixed in a 1000:1 M ratio. THAP or 2,5-DHB were used for MALDI of methylated PMAA samples and the matrix/polymer molar ratios were optimized, based on the polymer size, in the 500:1-2000:1 range. THAP and NaI (or KI) were used to prepare the methylated MAA-MMA copolymer MALDI samples, with a matrix/salt/polymer ratio of 1000:10:1. All MALDI samples were prepared using the drieddroplet method, where 1 L of the liquid mixture was deposited onto the sample plate and allowed to air-dry.
High-resolution MS and MS/MS experiments were performed with a QStar Elite mass spectrometer (Applied Biosystems SCIEX, Concord, ON, Canada) equipped with an electrospray ionization source operated in the negative ion mode. The capillary voltage was set at Ϫ4200 V and the cone voltage at Ϫ70 V. In this hybrid instrument, ions were measured using an orthogonal acceleration time-of-flight (oa-TOF) mass analyzer. A quadrupole was used for selection of precursor ions to be further submitted to collision-induced dissociations (CID) in MS/MS experiments. In MS, accurate mass measurements were performed using two reference ions from a poly(ethylene glycol) internal standard, according to a procedure described elsewhere [36] . The precursor ion was used as the reference for accurate measurements of product ions in the MS/MS spectra. Air was used as the nebulizing gas (10 psi) while nitrogen was used as the curtain gas (20 psi) and the collision gas. Analyst software version 2.1 (Applied Biosystems SCIEX) was used for instrument control, data acquisition and data processing. Methylated MAA-MMA copolymers were dissolved in methanol, further diluted to a final concentration of 50 g mL Ϫ1 and introduced in the ionization source at a 5 L min Ϫ1 flow rate using a syringe pump.
Nuclear Magnetic Resonance
1 H and PGSE experiments were performed on a Bruker Avance spectrometer operating at 500 MHz for the 1 H Larmor frequency with a 5-mm triple resonance inverse Bruker cryoprobe optimized for 1 H detection and equipped with an actively shielded z-gradient coil. The gradient coil was calibrated by measuring the selfdiffusion coefficient of the residual proton in D 2 O and was found to be 55 G cm Ϫ1 . The temperature was set and controlled to 300 K with an air flow of 545 L h Ϫ1 to avoid temperature fluctuations due to sample heating during the gradient pulses. Methylated PMAA and MAA-MMA samples were prepared by weighing an amount of sample directly into the NMR tube and adding 0.6 mL of a mixture of methanol and acetonitrile deuterated solvents (50/50, vol/vol) to a final 3 mg mL Ϫ1 concentration. The diffusion of polymers is well understood and has been extensively studied [37] . The M w parameter of a homopolymer can be related to its self-diffusion coefficient D, as measured in very dilute solutions, according to Flory's law [37] where scaling parameters that depend on the polymer structure as well as experimental conditions (solvent viscosity and temperature) are used. Typically, these scaling parameters are obtained by analyzing a series of monodisperse polymer standards under a given set of experimental conditions. The corresponding procedure has already been thoroughly described in other published works [24, 25] and will only be briefly described here. The PGSE diffusion decays are analyzed using a nonlinear least squared fitting (based on the Levenberg-Marquardt algorithm), which allows the diffusion coefficients to be obtained by taking the diffusion time and gradient pulse duration as input parameters. Then, by using a calibration curve that relates D to M w , which is established from the analysis of polymers standards, the diffusion coefficients of the derivatized copolymers are subsequently used to determine their corresponding M w values. The dependency on solvents is implicitly accounted for by using a calibration curve that is established in the same experimental conditions as those used to measure the D values of the homopolymer standards. In this respect, a calibration curve was established by analyzing a set of PMMA homopolymer standards and was found to be such as D ϭ 2.140 10 Ϫ8 M w Ϫ0.4680 .
Results and Discussion
Structural characterization of the two studied MAA-MMA copolymers I and II was previously achieved combining information from MS and NMR analyses [31] . 1 H and 13 C NMR experiments revealed the structure of the X and Y end-groups (Scheme 1) as well as the proportion of each co-monomer in the molecules, found to be 40/60 and 50/50 for copolymers I and II, respectively. The end-group masses were further confirmed from m/z values of doubly charged copolymer anions detected in ESI-MS. However, copolymer composition derived from MS data were not consistent with NMR results, obviously due to strong mass biases well known to occur during electrospray ionization of these polymeric species. Tandem mass spectrometry revealed the random nature of the copolymer based on typical dissociation reactions: water elimination occurred from any two contiguous MAA units while MAA-MMA pairs gave rise to the loss of a methanol molecule [31] . The M n parameter was derived from quantitative 1 H NMR experiments and was found to be 3400 and 4100 g mol Ϫ1 for MAA-MMA copolymers I and II, respectively.
The random copolymers were derivatized using trimethylsilyldiazomethane, to enable methylation of carboxylic acid groups, yielding a PMMA homopolymer. However, before examining random MAA-MMA copolymers, the derivatization procedure was first tested on PMAA homopolymers, with an H atom as both end-groups and various sizes in the 1200 to 6600 Da mass range, using the protocol described by Couvreur et al. [34] . Before derivatization, PMAA homopolymers gave rise to complex mass spectra in negative mode MALDI (using sinapic acid as the matrix), as exemplified in Figure 1a for PMAA1700. The homopolymer was detected with low intensity as [P n Ϫ H] Ϫ ions, with n the polymerization degree, but also as deprotonated molecules with some sodiated carboxylic acid groups, [P n ϩ xNa Ϫ (x ϩ 1)H] Ϫ ions (with x ranging from 1 to 3. Similar adducts were also formed from polymeric impurities, present in the studied standards, noted P= n and PЉ n in the inset of Figure 1a , consisting of a PMAA homopolymer with respectively one and two MMA unit, as evidenced in previous studies [29, 30] . Mass spectra consisting of such multiple distributions, which have already been reported for poly(acrylic acid) or poly(styrene sulfonic acid) polymers [38] , were obtained for all tested PMAA standards and a quite high laser fluence was usually required to generate the observed signals. After methylation of PMAA homopolymers, a unique PMMA distribution, consisting of sodiated adducts, [Q n ϩ Na] ϩ , and characterized by a 100 Da mass difference between two consecutive oligomers, was obtained in positive mode MALDI (Figure 1b) . In these experiments, 2,5-DHB was used as the matrix for MALDI of the smallest polymers (M w Ͻ 2000 g mol
Ϫ1
) while THAP was found to yield better quality mass spectra for the largest ones. It should be noted that MALDI-MS analysis of the derivatized samples in the negative ion mode did not show any residual PMAA distribution, indicating a 100% methylation yield for all tested standards. However, increasing volumes of trimethylsilyldiazomethane were required for methylation of increasing molecular weight PMAA, as indicated in Table 1 , although the average number of carboxylic acid functions was the same (about 0.58 mmol). This result shows that the actual amount of derivatization agent to be used to ensure the methylation of all MAA monomers cannot be predicted and suggests different availability of the acidic groups as a function of the polymer size. The intense sodium adducts observed in Figure 1b were formed from lower laser fluence, compared with ions in Figure 1a , and calculation of the end-group masses (m X ϩ m Y ϭ 2 Da) confirmed all acidic functions of the original PMAA homopolymer have been methylated. Values obtained when using MALDI data to calculate M w parameters for both PMAA and methylated-PMAA polymers are reported in Table 1 and were compared with SEC data provided by the supplier as well as M w parameters obtained by PGSE NMR. The M w MALDI values obtained for PMAA standards prior and after derivatization were consistent, with a maximal deviation of 12%. Compared with SEC data provided by the supplier, a strong systematic bias towards low mass oligomers was observed for M w values calculated from MALDI mass spectra of PMAA standards. However, molecular weights indicated by the supplier might not be used as reference values since they were derived from SEC calibration established using poly(t-butyl methacrylate) standards. These PMAA M w SEC parameters could indeed be suspected to be overestimated since calculation, from the SEC data, of M w expected for the methylated PMAA gave rise in most cases to higher values compared with M w values obtained by both MALDI and PGSE NMR. In contrast, a good agreement was found between MALDI and PGSE data, although M w MALDI appeared to be slightly underestimated when taking PGSE as the reference technique. Underestimation of M w parameters is commonly reported for PMAA in both positive and negative mode MALDI [32] . However, relative deviations were quite low, with a maximal value of 15% for the smallest polymer and lying in the 4%-12% range for other samples, which is consistent with results obtained in a previous study [24] . The same methylation protocol was then applied to the MAA-MMA samples to transform these amphiphilic copolymers, for which no interpretable signal could be obtained in MALDI as illustrated in Figure 2a , into PMMA homopolymers more amenable to this ionization technique. Indeed, positive mode MALDI mass spectra exhibiting various polymeric distributions could readily be obtained for the methylated copolymers, using THAP and a sodium salt in the sample preparation (Figure 2b) . Details of this mass spectrum show up to six PMMA distributions, which all experienced a ϩ32 Da mass shift when changing the cationizing agent from Na ϩ to K ϩ , suggesting the substitution of two sodium by two potassium cations upon changing the salt in the MALDI sample preparation. This result indicates that one of the alkali cations must be involved in a salt moiety within these singly charged oligomer adducts, which is consistent with the presence of a sulfonate function in the X end-group of the studied MAA-MMA copolymers (Scheme 1). End-group mass calculation performed for oligomers noted Q n in the inset of Figure 2b was such that m X ϩ m Y ϭ 383 Da, that is, the expected fully methylated MAA-MMA copolymer with end-group acidic functions being also meth- Figure 1 . MALDI mass spectra obtained for (a) PMAA1700 in the negative mode, using SA as the matrix in a matrix-to-polymer ratio of 1000:1, and (b) methylated PMAA1700 in the positive mode, using 2,5-DHB as the matrix in a matrix-to-polymer ratio of 1000:1. ylated and the anionic, nonsodiated, sulfonate moiety in the X end-group. Although these results show that the methylation protocol allowed the studied copolymers to be fully derivatized, the so-formed PMMA oligomers remained of low abundance with regards to ions in distributions Q= n and QЉ n , as shown in the inset of Figure 2b . Calculation based on m/z data indicated these signals are not accounted for by the presence of partially methylated copolymers in the sample. The use of trimethylsilyldiazomethane as a methylation agent was thus suspected to induce some undesired byproducts due to its high reactivity towards many functional groups [39] , in particular an alkene function such as in the Y end-group of the studied MAA-MMA copolymers (Scheme 1). During methylation of the MAA-MMA (40/60) copolymer I, a 5.5 mL trimethylsilyldiazomethane volume was necessary to induce a yellow coloration of the reacting medium, indicating the reagent was in excess. Performing the same methylation experiment using a smaller volume of reagent (3 Positive mode MALDI mass spectra of (a) the MAA-MMA (40/60) copolymer prior derivatization, and of the derivatized MAA-MMA (40/60) copolymer using (b) 5.5 mL and (c) 3.0 mL of trimethylsilyldiazomethane. THAP was used as the matrix for all experiments, in a matrix-topolymer ratio of 1000:1. In the insets, Q n refers to the expected PMMA distribution while Q= n and Q== n designate PMMA main by-products. Peaks annotated with a star are minor PMMA by-products. mL) gave rise to the MALDI mass spectrum shown in Figure 2c , where Q n peak abundance was strongly enhanced while by-products Q= n and QЉ n became minor distributions, and signal from the three other PMMAlike distributions (annotated with stars in the inset of Figure 2b ) was hardly detected. This result supports the assumption of methylation by-products formed upon reaction with trimethylsilyldiazomethane and the molecule particular end-groups. Structural characterization of these undesired distributions has been addressed using tandem mass spectrometry (vide infra). Using MALDI and PGSE data, M w parameters were calculated for Q n PMMA homopolymers arising from the fully methylated MAA-MMA molecules. Calculation based on MALDI data yielded M w parameters such as 3915 and 4374 for the methylated copolymers I and II, respectively, while slightly higher values (ϩ16% on average) were obtained from PGSE (M w (I) ϭ 4678 and M w (II) ϭ 5180). From these data, a M w value could then be calculated for each MAA-MMA copolymer since the co-monomer composition and the end-group masses are known from 1 H NMR and mass spectrometry experiments, respectively. Indeed, for each methylated copolymer, the M w value can be expressed as the sum of the end-group masses (m X ϭ 284 and m Y ϭ 99, since both terminations were also methylated) and the mass of the polymeric backbone, i.e., 100 n with n the average number of MMA units. As the relative proportion of each comonomer, x MAA and x MMA , could be determined by 1 H NMR experiments performed on the underivatized samples, a M w parameter could then calculated for MAA-MMA copolymers as:
with m X and m Y the mass of the X and Y end-groups prior methylation, respectively. For copolymer I, in which x MAA ϭ 0.4 and x MMA ϭ 0.6, M w was found to be 3689 (with n ϭ 35.32 from MALDI data) and 4409 using PGSE results (with n ϭ 42.95). A similar calculation applied to the 50/50 MAA-MMA copolymer II lead to M w values of 4067 and 4816 using MALDI and PGSE data, respectively.
Apart from Q n oligomer distribution which resulted from the complete derivatization of random MAA-MMA copolymers and hence allowed their M w parameters to be determined using two independent techniques, two other main distributions (Q= n and QЉ n in Figure 2b and c) were evidenced in MALDI, whose abundance could be related to the amount of derivatization reagent added to the copolymer samples. To identify these polymeric by-products produced during methylation of the MAA-MMA molecules, the methylated samples were submitted to ESI to be further dissociated in MS/MS experiments and measured in high-resolution mass spectrometry using an orthogonal acceleration time of flight mass analyzer (oa-TOF). Surprisingly, no signal could be obtained in the positive ESI mode while PMMA-like distributions were readily detected in the negative mode. These oligomers were mainly detected as singly charged molecules in the 600 -2000 m/z range, indicating a strong bias towards low m/z values. The sum of the end-group masses (97 ϩ 100 for Q= n distribution and 25 ϩ 100 for QЉ n distribution, with being an integer) clearly indicated that the same species were detected during ESI and MALDI experiments. The CID behavior of deprotonated oligomers from Q n distribution was first studied, to be further utilized as a reference to characterize the structure of Q= n and QЉ n distribution polymeric by-products.
The ESI-MS/MS spectrum of Q 5 detected at m/z 883.4 in the negative ion mode is presented in Figure 3 . Most product ions could be accounted for by using dissociation rules established by Jackson et al. for PMMA in the positive ion mode [40, 41] . Indeed, since the fragmentation routes of cationic PMMA adducts were all proposed to be charge-remote reactions, consisting of direct cleavages of the polymeric backbone and rearrangement reactions, the same mechanisms could be envisaged for the PMMA precursor anion since the negative charge was localized in the sulfonate moiety of the X end-group. As a result, fragment ion series described by Jackson et al. to contain the Y end-group would not be detected in our case. Indeed, as illustrated in Figure 3 , only B, C, and F product ions (as defined by Jackson et al.) were observed (Schemes 1S-3S in Supplementary Material, which can be found in the electronic version of this article). After homolytic cleavage of bonds adjacent to a quaternary carbon in the polymer chain (Scheme 1S), two B fragment ions were detected at m/z 284.1 (B 0 , actually the X end-group) and m/z 384.1 (B 1 ), which elemental composition derived from accurate mass measurements, i.e., C 13 (m/z 384.1248; error: ϩ16.3 ppm; DBE: 9) respectively, was consistent with the structure of the expected methylated X endgroup. Two different 1,5-hydrogen rearrangements (Scheme 2S) allowed fragment ions in the C series to be detected at m/z 100.1 n ϩ 383.1 (with n ϭ 0 -4, thus indicated the precursor ion at m/z 883 was actually a pentamer) while F product ions (Scheme 3S) were observed at m/z 100.1 n ϩ 339.1 (with n ϭ 0 -2), as supported by accurate mass measurements (See Tables  1S and 2S while C and F fragments were detected with low intensity in the higher m/z range of the MS/MS spectrum. In addition to these ion series, three peaks could be observed at m/z 297.1, 183.0, and 101.1 in Figure 3 . A mechanism consisting of concerted homolytic bond cleavages could be proposed to account for the formation of the intense m/z 183.0 ion (C 8 H 7 O 3 S Ϫ ; error: Ϫ16.6 ppm; DBE: 7.5) from the m/z 883.4 precursor ion, as depicted in Scheme 2a. Such a mechanism would also allow m/z 183.0 to be produced from any B, C, or F product ions, thus accounting for its high abundance in the MS/MS spectrum. The m/z 101.1 and 297.1 product ions would also allow the presence of the expected X end-group to be confirmed. As described in Scheme 2b, m/z 101. It should be added here that none of the reactions typically induced by the presence of MAA units, that is, elimination of water and methanol molecules from MAA/MAA and MAA/MMA pairs, respectively [29 -31] , was observed during CID of Q n oligomer ions, further confirming all acidic functions in the MAA-MMA copolymers have been methylated.
Fragmentation of the two main polymeric by-products generated during methylation of the MAA-MMA was then scrutinized with regards to the dissociation reactions observed for Q n oligomer ions. MS/MS spectra of any anions produced upon electrospray of oligomers in Q= n distribution showed the B, C, and F fragment series (as expected from a PMMA precursor ion), as well as the previously described product ions at m/z 297, 183, and 101, which validate the presence of the same methylated X end-group as in Q n . As a result, according to the oligomer m/z values and the mass of methylated X end-group (284 Da), the Y end group mass was found to be such as m Y ϭ 13 ϩ 100 , with an integer number. The case where ϭ 2 could correspond to a Y end-group with the structure proposed in Scheme 3, which would arise from a Michaël addition of trimethylsilyldiazomethane, starting with the nucleophilic addition of diazomethanide to the ␣,␤-unsaturated carbonyl moiety. This structural assumption was supported by accurate mass measurements of oligomers in the MS spectrum, using two Q n oligomer ions as internal standards to bracket the targeted analytes (Table 2) . Using the same methodology, MS/MS data together with accurate mass measurements (Table 2 ) allowed us to propose the structure depicted in Scheme 3 for QЉ n PMMA anions, as the result of a reaction previously reported to occur between diazomethane and alkenes [39] . As for Q n oligomer ions, all product ions generated upon CID of the oligomer by-products contained the ionized X end group and no detailed information could be obtained from MS/MS data about the structure of the Y end group. Nevertheless, Q= n and QЉ n distributions could reasonably be attributed to by-products due to an excess of trimethylsilyldiazomethane since their formation could readily be minimized by decreasing the quantity of methylation agent in the reaction medium, as previously shown in Figure 2c .
Conclusion
The derivatization strategy used in this study was shown to allow the M w parameter to be determined for amphiphilic random copolymers of MAA-MMA that can be quantitatively derivatized to yield homopolymers, for which this information can directly be obtained from the MALDI mass spectrum. Since comonomeric composition was assessed by 1 H NMR, there is no information loss whatsoever. This procedure does indeed require sample manipulation, but the proposed chemical derivatization is relatively fast and simple to implement. Moreover, up to now, this is the only available method for providing the analyst with the copolymer molecular weight. This approach is currently extended in our laboratory to reduce the amphiphilic character of other MAA-based amphiphilic macromolecules so that both their composition and M w parameter could be determined in a single MALDI experiment. 
